Objectives/Hypothesis: To systematically assess the prevalence of bacterial infection in adults with acute rhinosinusitis (ARS).
INTRODUCTION
Acute rhinosinusitis (ARS) is among the most common conditions encountered by primary care providers. It is one of the most common reasons for antibiotic prescriptions, with antibiotics prescribed in 82% to 88% of patient visits for ARS. [1] [2] [3] [4] A growing body of evidence suggests that antibiotics do not confer a distinct benefit in the majority of ARS cases, [5] [6] [7] [8] and guidelines do not recommend antibiotics for most cases of ARS. [9] [10] [11] [12] [13] [14] [15] This is largely because only a small proportion of viral sinus infections is believed to progress to acute bacterial rhinosinusitis. 9, 10, 16 In scientific literature, however, the reported prevalence of bacterial infection in ARS ranges widely, from 0.5% to 86%, depending on the population studied and the diagnostic methods used to confirm bacterial sinusitis. 13, [16] [17] [18] [19] [20] [21] [22] [23] [24] According to the clinical practice guideline of the American Academy of Otolaryngology-Head and Neck Surgery Foundation, ARS is defined as up to 4 weeks of purulent nasal drainage accompanied by nasal obstruction and/or facial pain/pressure/fullness. 9 In ARS, an inflammatory reaction to a viral upper respiratory infection characterizes most cases. Viral, postviral, and bacterial ARS show considerable overlap in inflammatory mechanisms and clinical presentation. 7 The pathophysiology involves interplay between a predisposing condition (e.g., allergic rhinitis, septal deformity, concha bullosa, primary ciliary dyskinesia, immune deficiency, and environmental factors), infection, and consequent inflammatory response in the sinonasal mucosa. Viruses attach to host cells via intermolecular interaction between nucleocapsids (naked viruses) or viral membranes (enveloped viruses) and the host cell receptor. 7 The inflammatory response involves edema, fluid extravasation, and mucus production. The inflammatory cascade involves T-helper type 1 cytokine polarization associated with tumor necrosis factor-b and interferon-c. Proinflammatory cytokines such as interleukin (IL)21b, IL-6, and IL-8 are potent chemoattractive agents for neutrophils. 25 Mucosal inflammation may lead to obstruction of normal sinus outflow tracts. This obstruction impedes normal ventilation and drainage, leading to a lower partial pressure of oxygen, decreased ciliary clearance, and stasis of secretions. A secondary bacterial infection may develop.
The prevalence of bacterial infection in patients with clinically diagnosed ARS is not well-defined given the difficulty of distinguishing viral from bacterial infection. The clinical features of viral and bacterial ARS are similar. There are no clinical findings, including a change in the color or character of nasal discharge, 17 that predict whether ARS is of bacterial origin. Common imaging modalities are not sufficiently sensitive or specific. Several imaging, clinical, and laboratory tests have been used to increase the likelihood of a correct diagnosis of bacterial ARS. [26] [27] [28] Culture of intrasinusal secretions from sinus puncture is considered the most widely accepted and gold standard method to define ABRS, 26, [29] [30] [31] but it is not routinely feasible due to the patient-perceived real discomfort of this invasive procedure. 32 A recent metaanalysis revealed that endoscopically directed middle meatal cultures (EMMC) is a highly sensitive and accurate culture method for acute ABRS and may be more sensitive than maxillary sinus taps given the presence of pathogenic bacteria not found on antral lavage. The authors stated that EMMC is a viable, and possibly preferred, culture method for determining antimicrobial efficacy and bacterial resistance patterns. 24 With the detrimental effects of inappropriate antibiotic prescribing in mind, the primary objective of this study was to review the literature to assess the prevalence of bacterial infection in adults with clinically diagnosed ARS who undergo culture from antral puncture or endoscopically directed middle meatus culture. A secondary objective was to compare the prevalence of bacterial infection in adults with clinically diagnosed ARS by method of culture: antral puncture versus EMMC. We hypothesized that bacterial recovery would be same between antral puncture and EMMC. Information regarding the prevalence of bacterial infection in ARS and culture methods could direct efforts to improve the quality and quantity of antibiotic prescribing.
MATERIALS AND METHODS
This review was conducted based on the 2009 Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines. 33 We searched PubMed and Ovid MEDLINE and CINAHL from the date of database inception to June 12, 2012 ). For CINAHL, we searched boolean/phrases "acute sinusitis" or "acute rhinosinusitis" or "acute bacterial sinusitis" or "acute bacterial rhinosinusitis" or "viral sinusitis" or "viral rhinosinusitis. " We subsequently reviewed reference lists of review articles and other relevant publications for additional studies to include. A single patient was considered the unit of analysis in the study. Eligibility criteria were participants aged 13 years with ARS by clinical, radiographic, or endoscopic diagnosis; English language; original research; experimental, quasi-experimental, or observational study designs; intervention with antral puncture or maxillary aspiration prior to antibiotic treatment; measurable outcome with bacterial culture; N<10. We excluded non investigative studies (technical notes, letters, comments, reviews) and case reports. We also excluded studies when more than one sinus was cultured per patient and patient level data were not explicit. In studies where both endoscopic middle meatus culture and sinus puncture were performed, with explicit bacteriologic results for each intervention, we included only the data for the puncture results in this review.
Radiographic confirmation was determined by a positive sinus X-ray or CT scan. Purulence was identified on physical exam, nasal endoscopy, or antral puncture. Bacterial cultures were obtained from antral puncture or endoscopic middle meatus secretion sampling. Bacterial culture results were considered positive in a qualitative fashion, without a minimal colony count. design when the study design produced data directly pertaining to our research question. 34 The risk of bias was assessed at the study level and outcome level by examining each study for specific markers of validity. These markers included randomization, concealment of subject allocation, and blinding of subjects or investigators. Disagreement was resolved by discussion. A random effects meta-analysis was performed for all of the included studies, for subsets based on whether diagnostic criteria included radiographic evidence and/or purulence on exam, and for a subset excluding six studies for which patients were clinically diagnosed with ARS up to a duration of 3 months. The random effects model utilizes the effect sizes of studies to calculate a weighted average. Heterogeneity is described by i 2 , which describes the percentage of variation in study outcomes between studies that were not due to chance.
RESULTS
Our search identified 1,013 unique articles, which were then screened for relevance (Fig. 1) . After screening titles and abstracts, 890 articles were excluded because they did not provide original data for the prevalence of Initial interrater reliability was substantial (j 5 0.80), and there was 100% agreement on articles for full review following discussion of disagreements between authors. The remaining 123 articles were retrieved in full text for formal review. After independent review by two authors; 29 articles with a total of 9,595 patients met the inclusion and exclusion criteria and were eligible for full analysis.
Interrater reliability was excellent (j5 1.0). Descriptive characteristics and data from risk assessment of bias and level of evidence for individual studies are presented in Table I . Twenty-eight out of 29 studies were prospective inquiries. Assessment of randomization and concealment of subject allocation and blinding of subjects or investigators did not apply to the studies because our inclusion criteria specified that all participants have a clinical diagnosis of ARS and undergo intervention of EMMC or antral puncture. There were no studies involving control aspirates. No studies reported lost bacteriologic data.
Of the 29 studies included for analysis, assessment on the level of evidence was not applicable in 22 studies in which our outcome of interest was extrapolated from the original study situation. 35 These 22 studies were drug studies for which the main outcome measure involved effects of antibiotics. While randomization, blinding, controlling, and/or handling of cases lost to follow-up were pertinent to the interventions and/or outcomes of those studies, these quality measures were not applied to the interventions or outcomes assessed in our study. For example, in such studies all eligible participants with clinical diagnosis of ARS underwent antral puncture to confirm the presence of bacterial pathogens prior to randomization to an antibiotic or placebo group. The outcome evaluations were not blinded (bacteriologic results were readily available in these studies). The level of evidence in the remaining seven studies was level 4, reflecting the use of uncontrolled case series for data reporting.
The primary findings of each prevalence study included for analysis are presented in Table II . Of the included studies, 14 (48%) studies required radiographic confirmation of sinusitis, one (3%) study required evidence of purulence, 10 (35%) studies required both for inclusion in the study population, and four (14%) studies required neither. Culture was obtained by antral puncture in 19 (66%) studies, endoscopic meatal sampling in three (10%) studies, or either method in seven (24%) studies. The random effects model estimate of prevalence of bacterial growth ranged from 52.5% (CI 46.7%-58.3%) among studies requiring radiographic confirmation of sinusitis to 61.1% (CI 54.0%-68.1%) in studies requiring neither radiographic evidence nor purulence on exam (Fig. 2) . Studies that obtained cultures from antral swab had a random effects model estimate of prevalence of bacterial growth of 61.0% (CI 54.7%-67.2%), whereas those utilizing endoscopic meatal sampling had an estimated prevalence of 32.9% (CI 19.0%-46.8%). Studies that allowed for either method had an estimated prevalence of 43.4% (CI 35.7%-51.1%) (Fig. 3) . In the subset analysis excluding six studies for which patients were clinically diagnosed with ARS up to a duration of 3 months, the random effects model estimate of prevalence of bacterial growth on culture was 51.2%.
The random effects model estimate of prevalence of bacterial growth on culture was 53.7% (CI 48.4%-59.0%) among all studies, with i 2 5 0.2% (Fig. 4) . 
DISCUSSION
This study demonstrates four principal findings: First, there is a paucity of studies investigating bacterial prevalence in typical ARS adult patients without radiographic or purulent criterion. Second, bacterial pathogens are recovered by sinus puncture or EMMC in approximately one-half of patients with suspected bacterial ARS. Third, radiographic evidence and purulence were not associated with higher bacterial prevalence. Fourth, culture from EMMC had a lower rate of positive bacterial culture compared with antral puncture.
Initially, we set out to study the recovery of bacterial pathogens in patients diagnosed with ARS in realworld clinical settings. However, we only found four studies that met our inclusion criteria and did not also require radiographic and/or endoscopic evidence of ARS. All individual studies had strict ARS diagnostic inclusion criteria. Our meta-analysis shows that bacterial pathogens are recovered by sinus puncture or EMMC in 53% of patients with suspected bacterial ARS based on studies requiring patients to meet clinical criteria, with most studies also requiring radiographic and/or endoscopic confirmation.
To place these results in the context of existing literature, several highly regarded original articles, 36 review articles, 37, 38 and clinical guidelines 7,10,11 estimate that acute bacterial sinusitis complicates 0.5% to 2% of common colds and influenza-like illnesses in adults. Other review articles 16 and clinical guidelines 13, 17, 18 suggest that acute bacterial sinusitis complicates 0.5% to 2% of acute viral sinus infections in adults. The citations in these publications can be traced back to two original studies as follows: Some publications 11, 17, [36] [37] [38] cite a study by Berg et al. that was published in 1986. 39 In that study of 100 patients with a common cold "or other acute ENT infection," antral aspirations were performed in patients with ultrasound positive maxillary and frontal sinus secretions, and two aspirations revealed purulent fluid. Patients were excluded if they had "any complaints suggesting a sinusitis."
Other publications [36] [37] [38] cite a study by Dingle published in 1964. 40 In that study, 53 (0.5%) of 11,134 patients with colds had sinusitis (implied acute community-acquired bacterial sinusitis) diagnosed by clinical criteria between 1947 and 1957. Still other publications 11, 13, 16, 18 cite review articles with references that can be traced to the original research of Berg et al. and/ or Dingle. Other publications 7, 10 do not cite a reference. Studies examining the cost effectiveness of managing acute sinusitis 19, 20 tend to use higher estimates for the prevalence of acute bacterial sinusitis in the range of 38% to 50%, with wide sensitivity analyses. Pharmacologic studies of patients meeting positive clinical plus radiographic criteria demonstrate positive bacterial cultures in a higher proportion of cases, as demonstrated in our study. Despite this, randomized controlled studies demonstrate high cure or improvement rates in ARS in both placebo groups (80%) and antibiotic groups (90%), 6 supporting the case that a substantial proportion of ARS cases are likely to be either viral or not from highly pathogenic bacterial strains.
Our analyses show that radiographic evidence and purulence did not more accurately predict which patients would have positive bacterial cultures by antral puncture or EMCC, demonstrating that mucosal inflammation or air fluid levels and purulence may be present in the absence of pathogenic bacteria. Of note, the four studies that did not require either radiographic evidence or purulence had the highest bacterial prevalence on culture (61.1%). These studies were from 1976, 41 1979, 42 and 1990, 43, 44 and are four of the seven oldest studies in our meta-analyses, but no other common characteristics seem to make the patients in these studies more likely to have bacterial ARS compared to patients in later studies.
According to our data, EMMC had a lower rate of positive bacterial culture compared with antral puncture. Historically, it was theorized that specimens obtained via EMCC would be contaminated more easily than antral puncture. 29 However, several studies suggest that carefully obtained samples of secretions from the middle meatus correlate with specimens obtained by antral puncture in both ARS 24, 45 and chronic rhinosinusitis (CRS). 46 A meta-analysis revealed that endoscopically directed middle meatal cultures is a highly sensitive and accurate culture method for acute ABRS and may be more sensitive than maxillary sinus taps given the presence of pathogenic bacteria not found on antral lavage. The authors stated that EMMC is a viable, and possibly preferred, culture method for determining antimicrobial efficacy and bacterial resistance patterns. 24 The slightly greater bacterial yield observed in antral puncture in this study may reflect oral or dental flora organisms; the speciation of bacteria isolated by cultures is beyond the scope of this article.
The subset analysis that excluded six studies of patients with ARS symptoms of unspecified duration or lasting up to a duration of 3 months yielded a random effects model estimate of prevalence of bacterial growth that was only slightly lower (51.1 vs. 53.7%) than the overall analysis of all patients with clinically diagnosed ARS. This suggests that the excluded study patients may be similar to those with ARS classically defined by <4 weeks of symptoms. The authors hypothesize that many of the excluded study patients may, in fact, have had duration of symptoms < 4 weeks. However, this cannot be determined within the scope of this study.
Although sinus puncture has been considered the gold standard method for detecting bacterial ARS, 7, 26, [29] [30] [31] the validity of sinus puncture may be questioned based on innovative microbiology techniques. Antral cultures of healthy sinuses show conflicting results, with a predominance of sterility in some studies 47, 48 and bacterial growth in others. 49 Microbiome studies using culture-independent techniques have demonstrated that healthy sinuses are not sterile at baseline. [50] [51] [52] Furthermore, conventional laboratory culture has been criticized for introducing "enrichment bias," which selects for abundant, rapidly growing aerobic organisms with favorable growth characteristics in nutrient culture media. 50, 53 It is possible that bacterial infection within tissue may be present even if antral secretions are sterile. However, previous studies demonstrate that bacterial invasion of the mucosa is a rare phenomenon in sinusitis. 54, 55 The common pathogens of ARS (pneumococci, Haemophilus influenzae and various anaerobes from the mouth and throat flora) lack proteolytic enzymes. 54 In a rabbit model of ARS, Marks characterized ARS by luminal exudates of neutrophils and eosinophils, mucosal infiltration with lymphocytes and plasma cells, epithelial degeneration, and lymphoid follicles that appear to hypertrophy and liberate leukocytes into the sinus lumen. In severe infections, submucosal vacuole formation with overlying granulation tissue was observed. 56 Histologic sections of CRS sinus mucosa demonstrate abundant bacteria on the surface of mucosa and in empty goblet cells, but not typically in deeper sections of mucosa. 54 Using transmission electron microscopy, Ebenfelt found that bacterial invasion and phagosomes in sinus mucosa are rare in CRS, and concluded that the infectious process in CRS is situated mainly in sinus secretions where phagocytized bacteria and functionally active neutrophils have been found. 55 The major limitation for the validity of the conclusion of this systematic review is the potential for selection bias. The studies that were included use a wide variety of diagnostic and inclusion criteria, with most studies requiring positive CT findings not representative of clinical scenarios in real-world, general outpatient medicine. However, although it would be anticipated that selection bias would skew results to favor higher bacteria recovery in studies requiring CT and/or endoscopic evidence, the reverse was found in our study. Studies that did not require objective confirmation had a higher bacterial prevalence; therefore, we conclude that selection bias did not significantly skew the results.
A single patient was considered the unit of analysis in this study for two reasons: 1) to most realistically represent a clinical scenario and improve external validity for a clinical population; and 2) to reduce sampling bias (i.e., patients with more than one sinus cultured, or who had two methods of culture at one time, would be underrepresented in the overall study population). Although this approach may introduce selection bias by eliminating studies that use both EMMC and sinus puncture, we considered our method to be the most systematic approach; therefore, it is one that would lead to the least biased results.
To summarize, the prevalence of bacterial infection in patients with clinically diagnosed ARS, without objective evidence, remains poorly defined. In the clinical setting, it is difficult to definitively distinguish viral from bacterial infection without invasive sinus-puncture studies, even when radiographic and/or endoscopic evidence is available. Although definitive clinical criteria that differentiate between ABRS and viral URTI are lacking, evaluation of the duration and severity of symptoms has historically provided the rational basis for diagnosing ABRS in primary care settings. 57 However, the results of this systematic review demonstrate that even when strict clinical and radiologic criteria are applied, only 53% of cultures are positive for pathogenic bacteria.
European guidelines published this year diagnose ABRS by the presence of three or more of the following: discolored discharge, severe local pain, fever, elevated CRP or ESR, and worsening of symptoms. 7 Current U.S. guidelines [9] [10] [11] [12] [13] [14] [15] provide fewer objective diagnostic criteria for ABRS. The lack of objective, reliable criteria to diagnose ABRS may partly explain why clinicians readily prescribe antibiotics for patients with ARS symptoms. Innovations in microbiology have greatly improved the sensitivity and accuracy of microbial detection and identification in CRS. 50, 51, 58 There is opportunity for application of these tools to ARS.
CONCLUSION
This study sought to assess the prevalence of bacterial infection in adults with clinically diagnosed ARS who undergo culture from antral puncture or endoscopically directed middle-meatus culture, and to compare the prevalence of bacterial infection in adults with clinically diagnosed ARS by antral puncture versus EMMC. This systematic review provides evidence that the prevalence of bacterial infection in patients with clinically diagnosed ARS remains poorly defined, but is likely greater than the 0.5% to 2% figure previously widely quoted. We hypothesized that bacterial recovery would be similar between antral puncture and EMMC; however, EMMC had a lower rate of positive bacterial culture compared with antral puncture in this systematic review. Despite the strength of this evidence, future studies are needed to better define the prevalence of bacterial infection in ARS. There is a need for additional high-quality studies that compare antral puncture with EMMC-and for studies that investigate potential biomarkers and other culture-independent techniques to help distinguish viral and bacterial infections. Future studies should use standardized methods for the basis of diagnosis of ARS and the severity of ARS symptoms. This will allow for the assessment of whether there is a particular subgroup of signs or symptoms that more reliably predict ABRS.
